Two Lane Roads with Multifunctional Median Lane  by Gaca, S. & Tracz, M.
 Procedia - Social and Behavioral Sciences  53 ( 2012 )  801 – 810 
1877-0428 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of SIIV2012 Scientifi c Committee
doi: 10.1016/j.sbspro.2012.09.929 
 
SIIV - 5th International Congress - Sustainability of Road Infrastructures 
Two Lane Roads with Multifunctional Median Lane 
Gaca, S.a*, Tracz, M.b 
a Professor - Kraków University of Technology, ul. Warszawska 24, 31-155 Kraków, Poland  
b Professor - Kraków University of Technology, ul. Warszawska 24, 31-155 Kraków, Poland 
Abstract 
The paper presents use of multifunctional median lanes in two-lane two-way roads instead of paved shoulders on 
national roads through villages. Traffic safety problems caused by paved shoulders and reasons for their 
reconstruction are listed, followed by description and purpose of cross-sections with multifunctional median 
lanes. Efficiency analyses on several factors are described, including: travel time, risk exposure, accidents, 
victims, speed and headways. Additionally observations on the median lane use by drivers and results of road 
users' satisfaction surveys are presented. The authors conclude that multifunctional median lanes are more 
beneficial than paved shoulders and special design guidelines are needed. 
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1. Introduction 
There have been several directions in the development and reconstruction of the Polish road network during the 
last decade and in the policy of the geometric road design [1].Beside the noticeable intensification of construction 
of new motorways and express-roads, reconstruction of two lane roads with paved shoulders is also very 
important.  
Cross-sections of two-lane roads with paved shoulders have been very popular in rural areas in Poland for 
almost 40 years. With an increase in traffic flows and demand for overtaking, these road sections have become 
dangerous due to numerous very risky overtaking maneuvers, particularly on sections through villages and small 
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towns. Therefore a few forms of reconstruction of these roads have been undertaken in Poland, including 
introduction of: 
x left turning lanes (within the existing width) at minor road junctions,  
x speed reducing measures (narrowings, staggerings),  
x some measures which change use of the paved shoulders by providing protection of pedestrians,  
x changing paved shoulders into median multifunctional lanes or strips dividing traffic lanes.  
Other changes on these roads include change of slow-moving lanes on the right side of the cross-section into 
overtaking lanes located in the middle [2]. 
The aim of the paper is to present the reconstruction of the cross-sections with paved shoulders into 
multifunctional lanes, the aims of such changes and some effects of these designs.  
2. Cross-sections of two-way one-carriageway roads with paved shoulders 
One-carriageway roads with paved 2.0 m wide shoulders have been built in Poland since 1970s. The presence 
of such shoulders resulted from the necessity to improve pedestrian, cyclist and farming vehicles traffic (still 
present at this time). The functions, construction and marking of such cross-sections have changed. At the 
beginning this type of cross-sections functioned properly, especially on road sections with intensive traffic of slow 
vehicles, cyclists and pedestrians. However, increased car traffic volumes resulted in the following traffic 
problems (Fig. 1): 
x paved shoulders have been used as supplementary lanes by vehicles moving slower, which drive off the 
carriageway to enable overtaking them. Neither vertical nor horizontal road signs prevent such manoeuvres. At 
the same time, the shoulders have become highly hazardous for pedestrians and cyclists, especially in 
urbanized zones,  
x an increased number of head-on collisions was recorded, including collisions of vehicles performing passing 
manoeuvres simultaneously from both directions (‘pushing’ the passed vehicles onto the paved shoulders. The 
head-on collisions share on all road network amounts about 17% - similar to roads with paved shoulders. The 
share of fatalities in head-on collisions on this type of sections reaches 50%, 
x collisions on such roads tend to be of a serious character, e.g. on national roads outside built-up areas the 
recorded number of fatalities amounts to 27.5/100 accidents with the average value of accident severity rate in 
all suburban zones amounting to 23.5 fatalities/100 accidents,  
x high speeds on road sections through towns pose additional risk to both pedestrian traffic and turning vehicles. 
 
Fig. 1 Examples of potential traffic conflicts on carriageways with paved shoulders; at overtaking, with pedestrians and 
cyclists 
Worth mentioning is the fact that on most road sections, cross-section type is the same in the villages and 
outside it. The recorded values of speed layout quantiles 85% in measurements on over 90 road sections amounted 
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to 81.7 ÷ 105.0 km/h for cross-sections with paved shoulders. Speed values presented above were recorded at road 
sections with speed limits of 50 km/h and 60 km/h during day and night, respectively. 
3. Transformations of cross-sections with paved shoulders 
The above difficulties have given rise to a search for effective ways of reconstruction of the already existing 
one-carriageways with paved shoulders [3] [4] [5] (nearly 4500 km of roads have paved shoulders, which is 
almost 25% of the 18,5 thousand kilometers of the national road network in Poland). Changing paved shoulders 
into multifunctional lanes (Fig. 2, left) or median strips (of 3.0 width) (Fig. 2, right) dividing traffic lanes (of 3.75 
m width) all seem to be very successful, particularly when applied on road sections with high density of access 
points. 
 
Fig. 2 Cross-section with multifunctional median lane (left) and a two lane road with multifunctional median lane and mid-
islands with traffic signs (right). 
Median lanes are used as space where vehicles await both for left-turning and merging. The median strips and 
multifunctional median lanes can be used by: 
x cars and vans turning left to and from numerous access points (left-turning heavy vehicles are very rare but 
they may also use the median lane which is wider than 2,5 m),  
x pedestrian and cyclists crossing the road as refuge island, 
x cars to overtake single very slow vehicles on short sections between mid-islands. 
It was expected that the median lanes/strips would: 
x improve traffic progression on the major road passing through towns with unlimited access, as vehicles turning 
to numerous destinations can wait for proper gaps on the median strip, 
x improve individual pedestrian/cyclists crossings across the main road, 
x decrease and unify speeds of individual cars. 
As a result the share of vehicles in platoons increases. However, due to the additional lane, turning vehicles do 
not block vehicles moving straight-on. A cross-section with additional multifunctional lane on roads passing 
through towns is usually introduced together with some traffic-calming measures (narrowing, traffic islands in the 
middle, lane staggering). Initial, standard 14.0 m wide paved part of the road allows constructing two 3.50 ÷ 3.75 
m wide lanes and 3.00 ÷ 3.50 m wide median lane. Mid-islands with traffic signs (Fig. 2) on median lanes 
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eliminate risky passing manoeuvres on this lane and additionally function as a kind of refuge enabling pedestrian 
crossings. Cross-sections reconstruction and another use of paved shoulders require widening of cross-sections to 
add facilities for pedestrian traffic.  
The detailed designs i.e. colours of pavements of median strips and access points and marking of the median 
strips still slightly differ in three regions where these median strips are used and need unification in form of 
guidelines.  
Drivers’ reaction differs proving the fact they do not realise the actual cause of additional lane presence. 
Highlighting the lane with different colours (especially grey) does not seem to be efficient in wintertime and in 
poor lighting. A highlighted additional multifunctional lane treated by pedestrians as a kind of refuge results in 
traffic conflicts between pedestrians and vehicles using this lane. Pedestrian perception of the two types of 
markings differs. 
Designs described above are recommended on roads passing through small towns with a 50-60 km/h speed 
limit. They can also be implemented on rural roads with frequent access points, however, then the recommended 
speed limit is 70 km/h. 
4. Efficiency of multifunctional lanes 
The median lane together with islands hampers the passing manoeuvers and consequently the share of vehicles 
in platoons increases. However, due to the additional lane, turning vehicles leave out the stream of cars with 
fluidity. The number of reduced potential collisions of vehicles turning from the major road and vehicles heading 
straight is to be estimated by the following model [1]: 
     )L,R(P)tt(P)RE(P c d     (1) 
where: 
P(RE) – probability of risk exposure on roads without additional lane, 
tc – critical interval assumed as unsafe [sec.] The unsafe headway is generally assumed to be smaller than the 
driver’s reaction time of 1.5 s. A more precise definition takes into consideration driver’s reaction time, vehicles’ 
speeds and deceleration rate during emergency braking [6].  
P(R, L) – probability of turning right or left (turns from a major road to individual properties). 
Assuming for P(R, L) a uniform distribution it is possible to estimate risk increase resulting from both too short 
headways between vehicles and turns off the major road into individual access points. Fig. 3 presents an example 
of such estimation for the determined function of the share of intervals smaller than critical PCG described with 
the following formula: 
     a
, V,Q,,PCG  0010006801440 60     (2) 
where: 
Q – traffic volume on a lane [veh/h] 
Va – average value of speed of vehicles in a stream [km/h]. 
Formula (2) has been developed basing on empirical data on headways between vehicles on 8 sections of roads 
passing through small towns.  
Introducing the additional lane improves the flow of vehicles as a result of eliminating jamming the flow by 
turning vehicles. Simulation studies conducted using VISSIM software showed that the positive effect of the 
median lane on decreasing the travel delays depends on access points density and the number of cars using them. 
Fig. 4 shows an example of simulated time losses for a selected location [7].  
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Requirements concerning traffic safety are a criterion deciding about cross-section with paved shoulders 
reconstruction. Due to numerous factors determining traffic safety bordered values of traffic volume at which 
introducing cross-sections with additional multifunctional median lane is recommended, are not defined. 
0
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08
200 300 400 500 600 700 800 900 1000
[veh/h/lane]
P
(R
E
)
Share of turning vehicles  0,20
0,15
0,10
0,05
 
Fig. 3 Probability of additional risk exposure resulting from both short-time intervals between vehicles and turns from a major 
road –on roads without additional multifunctional lane [1]. 
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Fig. 4 Example of relationships between time losses and values of traffic volume when driving through towns on road sections 
‘with’ and ‘without’ additional multifunctional median lane. 
5. Research into effectiveness of the change in cross-section  
In order to assess the effectiveness of the introduction of an additional multifunctional median lane, classic 
“before” and “after” studies were carried out. These covered 6 road sections through localities in which such 
reconstruction had been carried out. These were sections of national roads of 2-5 km long with high traffic 
volumes (ADT = 11800 – 26500 veh/24h) and similar characteristics of road surroundings development– high and 
average density development and general speed limit of 50 km/h. The analyses were based on statistics (data) for 
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3 years prior to the reconstruction and 2 years after the reconstruction and focused on numbers of road accidents, 
accident victims (casualties/fatalities) and pedestrian victims (casualties/fatalities).  
Fig. 5 presents a comparison of the „before” and after” annual average numbers of accidents and their victims 
in the set of investigated 6 locations. 
After the reconstruction, the average number of road accidents per year in the set of analysed localities declined 
by approx. 22%. A high disproportion between the average values of analysed rates was also ascertained in 
respect of the number of road accident victims, which declined by 36,5% and the number of casualties. These 
changes were compared with an overall decreasing trend of accidents occurrence on road sections without the 
median lane treatment. During the same period of time a decrease of 21% and 25% in numbers of accidents and 
victims, respectively, was observed on roads in this control group. It is apparent from this comparison that the 
main benefit from median lane implementation is reduction of the victim numbers (decrease of 36,5% on sections 
with median lane treatment compared to 25% on sections without treatment). Given the small sizes of the 
compared sets it is hard to offer conclusive comments on the number of fatalities. Noteworthy, though, is a decline 
in the threat to pedestrian safety 
Additionally, the authors analysed the effects of the change of the cross-section on changes in the numbers of 
different types of accidents (Fig. 6). The results imply potential benefits of the new design with regard to side 
impacts and rear-end collisions, although the small size of data sets mandates caution in such inference. During 
the same time in the control group an increase in the share of rear-end collisions and side impacts in the total 
number of accidents was observed. 
The above assessment of changes in the values of accident rates was also analysed in terms of the statistical 
significance of differences. It was found that differences were statistically significant for significance levels > 
0.15. Despite the above, it cannot be ruled out that improvement in traffic safety is largely the result of the use of 
an additional lane. 
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Fig. 5 Average values of selected accident rates „before” and „after” the reconstruction of the analysed road sections. 
Given the limited size of the accident data sample, the effectiveness of the multifunctional lane was also 
studied by means of indirect measures, i.e. by evaluating the impact of this design on vehicular speed. With an eye 
to this, „before-and-after” study was conducted as well as a „with ”(new lane) and „without” study of sections of 
roads with like characteristics (when no data was available for the time  „before” reconstruction. Fig. 8 presents a 
sample comparisons of speed readings „before” and „after” the launch of the multifunctional median lane. 
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Fig. 6 Average numbers of accidents by type „before” and „after” the reconstruction of analysed sections of national roads 
Generally, the studies revealed a decline in the values of 85% 95% speed quantiles by 2.3–8.0 km/h and by 
2.6–10.0 km/h respectively. An increase in the uniformity of speed selected by drivers was achieved. This increase 
in speed uniformity results, among others, from reduced possibility of overtaking and the impact of the 
multifunctional lane marking or a red (or grey) median strip with mid-block islands as traffic calming measures. 
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Fig. 7 Example of comparison of speed distributions based on studies of „before” and „after” – village of Przeginia, national 
road 94 
Reduction in the opportunity to overtake normally results in an increase in the share of vehicles in platoons. 
This effect was also recorded in „before” and „after” studies on reconstructed sections of roads with a 
multifunctional median lane (Fig. 8). As data for the time „before” the reconstruction was not always available for 
some sections, use was also made of a research method of “with” and “without” a multifunctional lane was 
conducted. Distributions of headways on sections with similar geometrical and traffic characteristics were 
compared, the only difference being the existence of the median lane. 
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Fig. 8 Comparison of headway distributions in traffic volumes in measurements carried out „before” and „after”– cross-section 
in the village of Jasień on national road no. 4 
All studied cases revealed an increase in the share of headways between vehicles typical for platoon traffic. 
During rush hour, the share of headways in the 0.5 – 4.0 s range stood at up 66% to 80%, depending on traffic 
intensity and place where measurements were made. Compared to the time „before” the share grew by approx. 3.5 
- 10%. 
The simple „before” and „after” studies of headways between vehicles were complemented with a comparison 
of headway distributions between cross-sections: 1 – at the beginning of a section with a multifunctional lane, 2 – 
at mid-point of the section (approx. after 400 – 600 m) and 3 – at the end of a section with a multifunctional lane. 
The results of the comparison illustrating averaged values of changes in the share of headways in selected classes  
between successive cross-sections from 6 studied sections are presented in Table 1. The data was collected at 
traffic volumes of 576 – 880 veh/h/lane. 
Table 1. Changes in the share of headways in different classes between successive measurement cross-sections – average 
values from 6 studied sections 
Change between 
cross-sections 
Range for which the difference in share of headways between vehicles was estimated: 
< 1.5 s < 3.5 s (3.5 s; 6.0 s) > 6.0 s 
1 - 2 -4.3 0.5 1.5 -1.5 
2 - 3 2.9 0.1 -0.4 0.3 
 
The above analyses revealed that after entering a section with a multifunctional median lane, the share of 
headways typical for platoon traffic rises slightly, whereas the share of very small headways (dangerous) declines 
noticeably. Similarly, the share of vehicles in free movement also declines. As vehicles approach the end of the 
median lane, the traffic flow tends to reverse to the state prior to entering the section with a median lane, i.e. the 
share of dangerous headways increases.  
Another assessed element of the functioning of the multifunctional median lane involved observations of the 
mode of its use by drivers in four locations to make left turns to drive out from plots of land. In over half of the 
cases (55%) of joining traffic with a need for a left-turn (involving driving through the median lane), drivers were 
able to perform the manoeuvre without being forced to pull up in the median lane (there were sufficient gaps in 
the main traffic flow). The median lane was used by 35% of drivers as a waiting place before they joined the 
traffic flow (joining the traffic flow in stages – crossing the stream of traffic approaching from the left side during 
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the first stage and joining the stream of vehicles approaching from the right side during the second stage). In just 
10% of cases, drivers did not use the opportunity to join traffic in stages, and preferred instead to await a 
simultaneous gap in left- side and right-side traffic flow. 
 Considering only those drivers who potentially could have joined the flow of traffic more easily by dividing 
the operation into two stages, as many as 79% resolved to resort to this solution. This proves that the 
multifunctional median lane noticeably facilitates joining traffic moving left and reduces time loss for vehicles 
heading in this direction.  
The number of vehicles for which the median lane markedly facilitates joining the traffic flow depends on the 
intensity of road surroundings development and the functions of the adjacent buildings. In the studied rural 
locations, the number stood at 18.8 – 40.8 vehicles per km of road within one hour. 
6. Road users questionnaire survey 
As the median lanes had been hardly known at all, prior to their introduction five years ago, a survey was 
carried out to determine users’ opinions on this novel design. The survey involved the residents of 3 communities 
with the new cross-sections on a national road. A total of 300 drivers and 300 pedestrians were surveyed. The 
sample driver was a person pulling into parking lots situated next to road-side shops and owners of plots of land 
alongside main roads who use their vehicles on a daily basis. Respondents were asked about their opinion on the 
advantages and disadvantages of the new design. Drivers were asked about the influence of the new cross-section 
on driving conditions, including factors such as longer travel time, reduction in excessive speeds, assurance of 
smooth traffic flow, as well as improved perception of high risk sites (e.g. pedestrian crossings, intersections) and 
improved conditions of joining traffic from side inlets. 
The results of the surveys regarding the traffic safety are presented in Fig. 9 – ‘YES’ answer stands for a 
positive ratings. They indicate that the additional median lane leads to reducing speed and improved visibility of 
risk sites, and improvement in the conditions of merging. Thus the majority of the respondents perceive the 
median lane influence on the traffic safety as beneficial. Two questions of the survey were related to traffic 
progression. In this case most of the respondents pointed to the adverse effect on both traffic progression (59%) 
and journey time (63%).  
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Fig. 9 Drivers’ assessment of cross-sections with a multi-functional median lane based on the survey 
Pedestrians were asked about their perception of changes in threats to pedestrian safety in the wake of changes 
in the road’s cross-section. Respondents’ answers were qualitative. Over one third of the respondents (35%) 
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reported „considerable improvement” in pedestrian safety, a mere 9% considered the effect of the reconstruction 
on traffic safety to be „worse”, 15% did not notice any changes and 41% described improvement as small. 
Therefore, it can be concluded that the new arrangement was fully approved by the majority of respondents.  
7. Conclusions 
Traffic and accident analysis of operations of existing multifunctional lanes on two-lane roads showed several 
benefits of these designs particularly on sections passing through villages and small communities.  
In spite of many advantages of cross-sections with a multifunctional median lane there are (open) issues 
arising related to their legal regulations, construction, signing and marking, as there are: 
x lack of detailed planning and designing requirements which results in diverse designs regarding concerning 
multifunctional median lane or strip: width, type and colour of the surface, road signs and markings,  
x lack of rules concerning use of midblock islands with traffic signs and distances between them – used both on 
median two-way left turn lanes and median strips, as they hamper passing manoeuvres, 
x need for establishing use of midblock islands as a kind of refuge for pedestrians, as it create some conflicts 
between pedestrians and vehicles using this lane.  
As various elements of the multifunctional lanes (as markings, colors of pavements of lanes and strips, use of 
midblock islands with traffic signs and distances between them) differ on roads in 3 regions where such designs 
have been implemented, more comprehensive analysis is needed in order to develop guidelines for design of road 
sections with such cross-section(s). 
As sections of roads with multifunctional median lanes create platoons of vehicles, further analysis is required 
in order to decide where and when such sections should be supplemented by sections providing lanes for 
overtaking. It may avoid risky overtaking along long platoons outside urbanized areas. Use of multifunctional 
median lanes on some sections outside urbanized areas needs further studies. 
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